Abstract
INTRODUCTION
A connection between environmental variables and plant characteristics was noted very early in the development of community ecology (Cowles 1899; Schimper 1898) and the development of trait-based community ecology has attracted wide interest in recent years (Fu et al. 2015; Shipley 2014; Troia and Gido 2015; Westoby and Wright 2006) . These studies arose in part from research focused on biodiversity and ecosystem functioning, where the function of biodiversity has been examined through the diversity of functional traits (Hooper et al. 2005) . The spatial pattern of species diversity can be explained by the community-assembly theory (Fu et al. 2015; Gerhold et al. 2013; Knelman and Nemergut 2014; Peng and Zhou 2014) , which proposes a mechanism to explain the distribution of plant functional traits within communities, such as position, range and peak (Cornwell and Ackerly 2009; Weiher et al. 1998) . The research has demonstrated how coexisting species share and allocate resources, and has described how community assembly shapes biodiversity-ecosystem functioning relationships (Jaillard et al. 2014; Knelman and Nemergut 2014; Marquez and Kolasa 2013; Nemergut et al. 2013) .
Two opposite forces-environmental filtering and other elements-form the basic driving force of community assembly, community structuring and biodiversity maintenance (Bernard-Verdier et al. 2012; Cornwell and Ackerly 2009; Nakazono-Nagaoka et al. 2014) . Community assembly is a process that determines which species can settle in a local community. In that process, abiotic environmental conditions and biotic interactions are recognized as multi-nested sieves (Diaz et al. 1998) , which sort species from the regional species pool into local communities. Species possessing trait values suitable for local habitats are filtered for those habitats (Tofts and Silvertown 2000) . Thus, local community structure depends on both abiotic environmental variables (climate, soil, topography) and biotic interactions (e.g. allopatric distribution induced by interspecific competition, interspecific association induced by mutual reciprocity and local deformation by human activity) within communities (Brown and Milner 2012; Jung et al. 2010; Robinson 2012; Shipley 2010) . The species surviving local environmental filtering could adapt to the microhabitat, and then successfully colonize and regenerate, leading to trait convergence as a result of the concurrence of species with similar niches (Uriarte et al. 2010 ; Van der Plas et al. 2012; Wilson 2007) . On the other hand, interspecific competition in a local community may result in the exclusion of ecologically similar species and limit the extent of similarity between coexisting species (the theory of limiting similarity), resulting in trait divergence in plant communities (Herben and Goldberg 2014) . Recently, an increasing number of studies have discussed the mechanisms of plant community assembly (Horn et al. 2015; Jiang and DeAngelis 2013; Marteinsdottir and Eriksson 2014; Roman and Gafta 2013; Zhang et al. 2013) . According to these studies, the strongest habitat filtering should occur in harsh environmental conditions (Weiher et al. 1998 ) and lead to the convergence of trait patterns (Cornwell et al. 2006) , while divergence of traits tends to occur in more benign habitats, concurring with the limiting similarity theory (Fukami et al. 2005; Magalhaes and Bernasconi 2014; Wilson 2007) . Therefore, we could assume that the distribution of traits would tend to be more aggregated in degenerated grasslands and, in contrast, a more divergent distribution of traits would emerge in undegraded grasslands. However, there are still conflicting views on whether the divergence and convergence of trait distribution are consistent with patterns of environmental filtering and biotic effects (Bernard-Verdier et al. 2012; Grime and Pierce 2012) . For instance, it is likely that traits have both been filtered and show divergent patterns (Bernard-Verdier et al. 2012) and that the results are critically dependent upon the different methodologies employed. This is evidenced by the dissimilar results shown in studies in which different traits were employed (May et al. 2013; Meuser et al. 2013; Pakeman 2011; Spasojevic and Suding 2012; Swenson and Enquist 2009; Zhang et al. 2013) .
The issue of degradation in the grasslands of Inner Mongolia, China, is becoming increasingly serious (Schonbach et al. 2011; Steffens et al. 2008) , bringing about an urgent need to clarify the mechanism by which biodiversity and system stability are maintained in the face of degradation. In this study, we considered the impacts of multiple components (climate, soil, topographical and human disturbance) on plant community assembly at different degradation levels at the river-basin scale. This scale was manifested as an independent geographical unit and so was the most appropriate area in which to define the species pool (Inner Mongolia-Ningxia Joint Inspection Group of Chinese Sciences of Academy 1985; Tong et al. 2004) . We then used a two-step framework in which the trait patterns were defined as the result of two distinct steps of community assembly (Bernard-Verdier et al. 2012) , in order to elaborate on the trait-distribution patterns under multiple complex elements. Our study proposed three hypotheses of community assembly in a degradation process: (i) the relative contribution of environmental filtering to community assembly will change with varying resource conditions in different degradation stages; (ii) the traits relating to diverse functions of a plant's physiological and ecological properties will respond differently to the two processes of community assembly (Grime 2006) , such that traits related to regeneration and competition strategies tend to show segregated patterns, while traits related to vegetative growth tend to reveal aggregated patterns in communities (Bernard-Verdier et al. 2012) ; (iii) both intense environmental filtering and interspecies competition are likely to occur in nutrient-poor habitats in degraded areas. Thus, strong environmental filtering may not necessarily prevent interspecific competition, and will lead to the co-occurrence of trait filtering and trait divergence.
METHODS

Study area
The study area is a typical steppe of the Xilin River Basin in the Inner Mongolia Autonomous Region, China. Situated from 43.41° to 44.13°N and 116.12° to 117.24°E, 1000-1500 m above sea level, the grasslands occupy 72% (approximately 2600 km 2 ) of the Xilin River Basin by area (Wiesmeier et al. 2011) (Fig. 1 ). This region belongs to the temperate continental semi-arid region, characterized by significant inter-and intra-annual variability of hydrothermal conditions. Topography is mainly low rolling hills and the main soil type is calcic kastanozems. The mean annual temperature was 0.88°C between 1983 and 2005. Mean annual precipitation was 338 mm (coefficient of variance (CV) = 22%), of which 85% occurred from May through September. The growing season is ~150 days long, with 200-235 frost-free days (Inner Mongolia-Ningxia Joint Inspection Group of Chinese Sciences of Academy 1985). Currently, the grassland is grazed by sheep and goats, although some areas are cut for hay once a year at the end of the growing season (Schonbach et al. 2011; Zheng et al. 2011) . The main vegetation in this area is typical of steppes. As different slope positions display different resource-supply conditions, the communities in the fertile lowlands are mainly dominated by Leymus chinensis communities, while grasslands on hill slopes and at the top of hills with poor resource supplementation are dominated by Stipa (Stipa grandis and S. krylovii) communities (Hilbig 1995 ; Inner Mongolia-Ningxia Joint Inspection Group of Chinese Sciences of Academy 1985). It is well known that the typical grassland succession here involves L. chinensis communities degenerating into perennial bunchgrass communities (S. grandis and S. krylovii), then degrading into Cleistogenes squarrosa communities and finally succeeding into Artemisia frigida communities in some regions along the increment of grazing history and intensity. The Xilin River Basin is one of the most representative geographic areas of the Inner Mongolia steppe region (Tong et al. 2004) and is notable for its vegetation diversity, with communities dominated by L. chinensis, S. grandis, S. krylovii, C. squarrosa and A. frigida all present in the same region. The species turnover within these communities depends on the grazing history, grazing intensity and type of livestock (Hilbig 1995) . This allows us to explore the mechanism maintaining community diversity along a degradation gradient, namely the multivariate relationships among species trait values, communityassembly progress, and the relationship between biotic and abiotic gradients where there is a large degree of structural and functional variation present across the landscape.
Vegetation survey
The vegetation survey was performed during the period of peak biomass in the region (late July to early August 2014). All experimental sites were chosen on low flat land between hills where local elders had confirmed that L. chinensis was once the dominant species, thus ensuring that the L. chinensis community had been the vegetation type for 30-40 years previously. Sixty-nine sample sites (the minimum distance between two study sites for 4 km) were set up in different community types on the degraded gradient (see online supplementary Table S1 ; biotic and abiotic variables in each community). Ten quadrats (plots) of 1 m 2 were set on each site, within an area limited to 100 m 2 . In each quadrat, the presence/absence and abundance of each species were recorded, and the height of plants and fertile tillers measured. Aboveground plant matter was clipped by species, its fresh weight measured, and after returning to the laboratory it was dried at 65°C until a constant dry weight was obtained.
Trait measurement
Numerous studies on the phenotypic and morphological traits of species have explained the adaptation of functional variation to environmental conditions that affect plant growth and survival (Andersen et al. 2012; Helsen et al. 2012; Kraft et al. 2007) . Nine traits were chosen to represent the basic characteristics of the plant ecological strategies of this area (Table 1 ). For those species that occurred more than twice in 10 plots at each site, we took six separate well-grown individuals per species per site as sample plants to measure plant traits. For each individual sample, leaf area (LA), specific leaf area (SLA), reproductive height (RH), leaf dry matter content (LDMC), leaf carbon and nitrogen ratio (C/N) and leaf lignin content (LLC) were measured. LA was measured using a Portable Laser Leaf Area Meter (LI-3000C) and after drying the leaf dry weight was determined. SLA was calculated from the ratio of LA and the leaf dry weight. We took a sufficient number of fresh leaves of each species to the laboratory and measured LLC and C/N. Seed size (SS) and onset of flowering (OFL) data were obtained from Ma (1989) , and root depth (RD) data were obtained from Chen (2001) .
Soil variables measurement
Five soil nutrition parameters were measured: total nitrogen (TN), determined using the Kjeldahl nitrogen determination method; available nitrogen (AN), using the selenium-cupric sulfate (CuSO 4 )-potassium sulfate (K 2 SO 4 )-heating digestion method; total phosphorus (TP), using the alkali fusion-MoSb colorimetric method; available phosphorus (AP), using the sodium bicarbonate (NaHCO 3 ) leaching-Mo-Sb colorimetric method; and organic carbon (OC), using the potassium dichromate (K 2 Cr 2 O 7 ) heating oxidation method (Qiao 2012) . The soil grain size (gravel: >1 mm, sand: 0.05-1 mm, silt: 0.005-0.05 mm, clay: 0.001-0.005 mm) of mixed soil samples from three layers (0-10, 10-20 and 20-30 cm) was also measured.
Climate and topographical factors
From a spatial distribution model of climate factors in Inner Mongolia, China (Niu 2000) , four climatic factors were extracted with respect to every site location: mean temperature in July (T7), annual mean temperature (AMT), annual mean precipitation (AMP) and the aridity index (Arid). Three topographical factors-altitude (Alt), slope and hill shade (Hill)-were obtained from a Digital Elevation Model (DEM) in the study area.
Grazing-intensity variable
The spatial distribution of sheep density indicated the grazing intensity of this region. The sheep-density data provided from http://data.fao.org/map were extracted with respect to the location of each site.
Degradation gradient
The species' important value matrix (IVM), which represented the community variables, was built with respect to the relative dry weight (RDW) of each species in each plot. In detail, RDW was calculated as the dry weight of species i in plot j divided by the total dry weight of plot j. Therefore, the IVM consisted of 69 plots and 91 species. Community variables were analyzed using principal component analysis (PCA) (see online supplementary Figure S1 ). The first axis of the PCA explained over 65.4% of the variability and the site distribution along the first axis followed the pattern of undegraded L. chinensis communities at one end of the axis to highly degraded A. frigida communities at the other end. The second and third axes of the PCA explained only 16.8% and 10.0% of the variance, respectively. The correlation between the plot scores along the three PCA axes and the environmental variables (four climate, three topography, five soil nutrition, four soil grain size and sheep-density variables (see online supplementary Table  S1 ) showed that the first axis captured mainly the variance caused by sheep density (r = −0.509, P < 0.001), AN (r = 0.309, P = 0.010) and OC (r = 0.239, P = 0.048), while the second and third axes varied mainly by soil grain size (mainly by silt and clay) (see online supplementary Table S2 , Pearson correlation between site scores and soil variables). Hereafter, we refer to the plot scores along the first PCA axis (PC1) as 'the degradation gradient', the values of which were used in all subsequent statistical analyses as variables representing degradation conditions under grazing history and intensity. We classified our study sites into four groups, and we found the original communities with L. chinensis distributed to the right-hand side, and the degraded A. frigida communities distributed to the left-hand side of the PCA chart built with first and second axes (see online supplementary Figure S1 ). We defined four degradation types as: undegraded L. chinensis communities, slightly degraded Stipa (S. grandis and S. krylovii) communities, moderately degraded C. squarrosa communities and intensively degraded A. frigida communities. That is the lower PC1 values represent the higher degradation level and lower soil-nutrient availability, and vice versa.
Shift in trait distribution with degradation gradient
To examine whether species traits shift across the degradation gradient of the Xilin River Basin, we tested for a relationship between the community-weighted mean (CWM) trait values and the degradation gradient (PC1) for each trait in all sites. We calculated the CWM according to Ackerly and Cornwell (2007) (CWM1) for each of the nine traits and determined whether variation in those summary statistics was associated with the degradation gradients (PC1). Let t ij = trait value and a ij = abundance of species i in plot j. The total number of species in the study is S, respectively. Therefore, the CWM1 trait values are defined as
We also defined the community-weighted mean (CWM2) trait values that do not eliminate the effect of species abundance using the equation proposed by Bernard-Verdier et al. (2012) , to compare with CWM1. The formula of CWM2 was defined as follows
Trait filtering, convergence and divergence of traits
The calculation of trait filtering and trait convergence/divergence used the null models proposed in Bernard-Verdier et al. (2012) . In detail, if we assume that species are randomly distributed among plots with respect to traits or environment, this hypothesis makes repeated random draws (without replacement) of S i species from the regional species pool (Cornwell et al. 2006) , and the probability of each species being chosen from the regional species pool is proportional to the species abundance (Kraft and Ackerly 2010) . Trait filtering compares the observed range (max.-min.) of trait values in each plot to the expected values in the null hypothesis given the regional pool and local species richness (Cornwell and Ackerly 2009; Weiher et al. 1998 ); a range of trait values that is smaller than expected indicates trait filtering (null model 1, NM1) (Bernard-Verdier et al. 2012) .
For testing trait convergence and divergence, we defined the community-weighted trait variance (CMV) as (Sonnier et al. 2010 )
The second null model was built to examine the null hypothesis that the observed species in each plot and their traits remain unchanged but the species abundance is shuffled randomly among plots (Mason et al. 2008) . Therefore, the richness and evenness of abundance remains the same, while the relationship between the trait values and their associated abundances is broken. Trait convergence and divergence interpreted by observed community-weighted variance (CWV) values that are lower expected in null expectations is an indicator of trait convergence, while CWV values that are larger than expected express a divergence of trait distribution (null model 2, NM2) and a CWV close to the null expectation indicates a random dispersion of abundances among local species trait values.
We calculated the effect size (ES) of each plot with respect to each trait and each null model. The ES values varied between 1 and −1. When ES is close to 0 (i.e. the median of the null distribution), observed values are not different from the null expectation. When ES is negative, observed values are lower than expected and, the more negative the ES, the larger the difference between observed and expected values and vice versa if ES is positive.
Statistical analysis
We classified our study sites into four groups using WinTWINS software (Hill 1979) . The PCA, which was performed with the R package 'vegan' (Jari 2013) , was used to quantify the degradation gradient. The Cody index, calculated by Zzstat (Zhao and Bai 2009) , was used to test the species turnover of communities. Null models were used to test the trait filtering and trait distribution. The null model testing was performed using the R package 'picante' (R Development Core Team 2010). The R code for two null models can be found at: https://maudbernardverdier.wordpress.com/r-codes/. We plotted the CWM and ES values against the degradation gradient using Sigmaplot 12.5. The Pearson correlation test and two-tailed Wilcoxon signed-ranks test were performed using SPSS 17.0.
RESULTS
Species turnover along the degradation gradient
In total, 91 species were recorded at the Xilin River Basin site and 6-35 species were found per plot. There was a clear change in species diversity along the degradation gradient, as shown by the strong negative correlation between species richness and grazing conditions (plot scores on PC1; Pearson correlation, r = −0.234, P < 0.05; see online supplementary Figure S2 ). There was also a considerable accelerating turnover rate in community structure along the degradation gradient, as indicated by the decreasing trend of Cody index for adjacent two sites along with the degradation gradient (Pearson: r = −0.216, P = 0.077, lower PC1 values represent the higher degradation level; for more details, see online supplementary Figure S3 ).
Variation in community trait means along the degradation gradient
CWM using CWM1 showed significant downward trends along the increasing degradation gradient for LLC and C/N. SLA and RH showed a significant positive correlation with PC1; although LA and RD showed no clear evidence of linear correlation with the gradient, they exhibited a slightly concave curve with the gradient (PC1) (Fig. 2) . Interestingly, when CWM was examined with CWM2, it had significant negative correlations with the degradation gradient for all traits except LA. The pattern of trait mean values, especially CWM2, toward the degradation gradient depended on the species abundance, which significantly changed with the grazing situation (see online supplementary Figure S2 ), indicating the importance of considering the inclusion/exclusion of abundance weighting when calculating community-weighted trait means.
Trait filtering along the degradation gradient
Trait filtering was examined when trait ranges were lower than expected with the null hypothesis. The increasing, but not all significant, trends in the ES of the trait range were found along the degradation gradient for six of nine traits (Fig. 3) . The trait ranges of SLA, LA, LLC, SS, OFL and RD were generally greater than expected in undegraded grassland and lower than expected in degraded grassland, suggesting stronger trait filtering in the degraded communities than in the original communities for these six traits. The significant decreasing trends in LDMC were found along the degradation gradient, i.e. the trait range of LDMC was lower than expected in undegraded grassland and higher than expected in degraded grassland, suggesting the opposite patterns of trait filtering. When all plots were considered collectively, there was clear evidence of an overall reduction in the trait range for the three traits LA, RH and OFL, indicating that the narrower-than-expected ranges for these traits were found across the entire gradient (significant Wilcoxon test toward lower and larger values; Fig. 3 ). For the negative ES values only, we found a frequent distribution overall of negative ES at the degraded region in the gradient for all traits except LDMC. 
Trait divergence and convergence along the degradation gradient
Trait divergence and convergence were determined by the CWV and its related null hypothesis. We found divergent patterns of trait distribution along the gradient for nine traits. There were overall reductions in trait variance for four of the nine traits (LLC, SS, RD and OFL) and an overall increment in trait variance for two of the nine traits (RH and LDMC), as evidenced by significant Wilcoxon tests. The variance in RH showed meaningful reduction, while the other eight traits showed non-significant trends toward the degradation gradient (Pearson correlation test). LA showed a shift in CWV along the gradient: LA tended to be convergent in degraded grasslands to slightly degraded sites, and then tended to diverge abruptly in the original grasslands (Fig. 4) .
DISCUSSION
In typical grassland, we found four gradually degraded communities dominated by L. chinensis, Stipa (S. grandis and S. krylovii), C. squarrosa and A. frigida, respectively, and soil nutrition availability also decreased along this degeneration process. Communities showed clear turnover of species in response to a gradient in grazing and soil-nutrient availability. The multidimensional characteristics of the community-assembly process are revealed by analyzing a wide range of plant traits. Different functional traits may show different patterns of community assembly at particular environmental gradients; in previous aggregated (large-scale) research, these patterns remained undetected. Also, these latter studies cannot demonstrate the diverse patterns of the wide array of trait features in which they always cancel each other out. By explicitly calculating CWMs trait values using Equation (1) instead of Equation (2) (where CWM in the latter is strongly dependent upon the species abundance within communities (de Bello 2012)), we were able to accurately detect the patterns of CWMs toward the degradation process. In addition, the two-step null model approach of trait filtering and trait divergence/convergence allowed us to illustrate that trait distribution could both be filtered in range by environmental constraints and diverge within the community. The summarized illustration of our results can be found in Fig. 5 . 
Trait-environment relationships
The significant trends in CWM trait values (CWM1) along the degradation gradient showed the strong response of plant functional traits to environmental constraint. Productivityrelated traits, as well as SLA and RH, were clearly decreased with the degradation progress (mentioned above as the lower values of PC1, the higher levels of grassland degradation). This indicated a gradual change in the successful resource-use strategy from species with longer leaf lifespans (Reich et al. 1998 ), lower metabolic rates and higher nutrient-use efficiency (Poorter and Evans 1998) on intense-grazing and degenerated communities to species with shorter leaf lifespans, and lower nutrient-use efficiency on rarely grazed and original communities. The species with high SLA also recognized as species vulnerable to herbivores (Coley et al. 1985; Grime et al. 1996) , worked best in resource-rich environments. In contrast, low-SLA species worked better in resource-poor environments where the retention of captured resources was a higher priority (Wilson et al. 1999) . The functional properties of communities also involved the adaptation of regenerative strategies along the gradient, evidenced as the patterns of RH with PC1, due to a reduced probability of foraging with shorter plants (Díaz et al. 1992; MacLeod et al. 2004) , in addition to the more frequent presence of annual and biennial species in degraded communities. In contrast, the taller species can more easily perform pollination and seed dispersal in the original communities, and the high values in RH and SS in the undegraded or slightly degraded areas suggest a highly competitive ability for above-ground resources (especially light) and for successful seed drop in communities that are densely vegetated (Bernard-Verdier et al. 2012) , respectively. The increase in mean C/N towards more degraded grassland communities indicated the decomposition and resource-supplement strategies in harsh conditions (Robinson 2012; Semmartin et al. 2008) , while the increase in mean LLC toward degradation indicates the rise in resistance strategies to cope with more intense grazing (Griffiths and Gordon 2003) .
Trait filtering increases with grazing intensity
Our results support the hypothesis that the relative effect of environmental filtering on community assembly changes along the degradation gradient, occurring more frequently at the low end of the gradient, which is associated with high degradation and low resource availability. We found that Figure 4 : the change in CWV along the degradation gradient (PC1). ES of CWV were calculated by comparing observed CWV to a null distribution obtained by randomly shuffling abundances among species in each community. Negative ES represent a lower CWV than expected, indicating the tendency of trait convergence. Positive ES represent a larger CWV than expected, indicating the tendency of trait divergence. The solid horizontal lines represent the null expectations (ES = 0). Pearson correlations (P) are indicated above panels (ns: P > 0.05; *P < 0.05; **P < 0.01). Black solid lines represent significant regression. most traits were filtered all along the gradient, reflecting the importance of these nine traits in physiological strategies on the degradation process. Nevertheless, because different traits were related to different functional strategies of plants, the patterns of trait filtering depended critically on the observed trait types. There were clear increases in ES for four of the nine traits along the gradient (PC1) (Fig. 3) , indicating the shifts in trait filtering from higher ES values at degraded and deficient resource-supply grassland (the low end of the gradient) to lower trait filtering in the region of abundant resource-supply and undegraded grassland (the high end of the gradient). In the degraded grassland, species with higher metabolic rates, shorter leaf lifespans and lower nutrient-and water-use efficiencies were filtered out, as evidenced by the reduced range of SLA and LA in the degraded area (low values of PC1). Only those species with conservative (high LDMC; see Poorter and Garnier 1999; Vile et al. 2005) , high nutrient efficiency (Ackerly and Cornwell 2007) , high pressure/stress tolerance and greater physical resistance (high LLC; see Griffiths and Gordon 2003) tend to be able to exist and survive in seriously degraded and more exposed conditions. The species with low resistance and foraging-avoidance strategies were excluded from more highly degraded conditions, as evidenced by the trait-filtering patterns for RH and LLC. The explanation lies in the turnover of community members: on the one hand, the exclusion of high-palatability species reduced the probability of livestock visitation, and also increased the proportion of lignified and stoloniferous shrubs and subshrubs (as seen in the increase in A. frigida and Kochia prostrata in degraded grassland in the current study); on the other hand, there are great selective advantages to the species that have a phenotypic response to grazing-for instance the greater recruitment of leaf appendage-rich species into degradation grassland, such as Potentilla acaulis and Convolvulus ammannii, and the frequent introduction of high-LLC herbs such as Carex tristachya, Iris tenuifolia, Carpesium abrotanoides and alliums, also improved resistance ability and foraging avoidance in degraded grassland. Within individual species, there was also a response to grazing pressure, such as the greater frequency of dwarf plants and increment LLC along the grazing-intensity gradient for specific species. Interestingly, the opposite patterns in the trait filtering of LDMC reflected the competitive strategies of nutrient acquisition by both filtering and divergence on undegraded grasslands.
In summary, our findings did meet the hypothesis proposed by Mayfield and Levine (2010) and the findings demonstrated in Bernard-Verdier et al. (2012) showing that ecological filtering can occur at both ends of an environmental gradient. However, the trait filtering appeared more intense at the heavily grazed end of the gradient in our study. Importantly, we extended this hypothesis by showing that this is due to the combination of climate and human disturbance to the environmental gradient rather than abiotic variables only. 
Trait divergence and convergence along the gradient
Our results support the hypothesis that diverse traits respond differently to the two-step process of community assembly, but do not support the hypothesis that traits related to regeneration and competition strategies tend to show segregated patterns while traits related to vegetative growth tend to reveal aggregated patterns in communities. When we classify the traits into two categories, we find that biological matter cycling-related traits manifest more divergence in coping with strong environmental filtering, while other strategy-related traits of plants, including resistance, regeneration, competition and dispersal-related traits, tend to converge along the gradient (Fig. 5) . We also found a frequent occurrence of and gradual increase in trait divergence along the grassland-degradation gradient, indicating the greater partitioning of resource capture within species under harsh conditions (Naaf and Wulf 2012) and suggesting clear evidence for niche differentiation for the traits related to biological matter cycling (SLA, LA, RH, LDMC and decomposition-related C/N; see Fig. 5 ). This coexistence of multiple 'biological matter cycling-related niches' might be a basic structuring pattern in plant communities in the Xilin River Basin and relates to the dominant way of life here (Lehsten and Kleyer 2007) ; since herding of livestock is the main industry in the Inner Mongolia grassland region, biological productivity was considered the most important ecological function here (Schonbach et al. 2011) . This may affect the partitioning of biological matter cycling strategies of plant communities in an indirect way (Zheng et al. 2011) . The ubiquitous convergence of LLC all along the gradient indicates the consistency of species coping with foraging behavior in any state (Griffiths and Gordon 2003) . SS and flowering time showed more convergent than divergent patterns, suggesting that there is little spatial and temporal partitioning of regeneration strategies. The divergence patterns for regeneration strategies have often been hypothesized (Bernard-Verdier et al. 2012; Wolkovich and Cleland 2011) but rarely demonstrated at the community level (Ashton et al. 1988) . The divergence patterns following a low gradient (high degradation level) for flowering time may be explained by the partitioning of the onset of flowering time within annual and perennial species in degraded grassland, where many perennial herb species, no longer able to survive, release sufficient space for annual species. Because they flower early, annual species can finish their short life cycles and wither long before the end of the growing season (Bernard-Verdier et al. 2012) . The convergent patterns for RD indicated a sufficient supply of soil nutrients and water, as all sites were located in fertile lowland of the river basin. Increasing frequencies of divergence for RD toward degraded areas suggest soil-nutrient runoff is a factor in the degeneration process and vertical partitioning occurs for underground resource interception.
The patterns of trait distribution and trait filtering
Our results support the hypothesis that environmental filtering and trait divergence may co-occur at a particular point along the gradient, and that different traits may show different signatures, indicating that strong environmental filtering may not necessarily prevent interspecific competition. The patterns of trait convergence did not meet with the patterns of trait filtering in our study. Despite the stronger filtering of trait ranges in the degraded area, environmental constraints did not lead to a precisely coincided convergence strategy with trait filtering (Fig. 5) . Although abundant species tend to share generally conservative strategies (convergence patterns for SS, RD, OFL and LLC along the degradation gradient; Figs 4 and 5), the species with contrasting strategies of biological matter cycling coexisted successfully where there were nutrient shortages, as indicated by the divergent patterns observed for SLA, LA, RH, LDMC and C/N at the degraded region (Fig. 5) . Many species on degraded grassland were either shrubs or subshrubs with high LLC, abundant leaf appendages and long root systems, thus limiting the foraging of above-ground and stored-underground tissues (Griffiths and Gordon 2003) , or were annual or biannual species with short life histories, small SS, abundant seta on leaves and seeds with rapid germination and long-distance dispersal by wind (Heydel et al. 2014) or herbivores (Auffret and Plue 2014; Benitez-Malvido et al. 2014) . These diverse strategies of avoidance and other vegetative strategies in habitats of high grazing pressure and limited nutrient supply confirm that functional divergence can exist under strong biotic and abiotic constraints (Bernard-Verdier et al. 2012; Chun et al. 2011) . We speculate that the reason for the phenomenon in this study may be a consequence of the coexistence of both climatic and grazing filtering, which may lead to a wide array of partitioning of functional strategies (Chesson 2000) or facilitating mechanisms between complementary plant strategies (Callaway et al. 2002) .
The distribution of different strategy-related traits
Our results tend to support the hypothesis that the distribution of trait divergence and convergence depends on the environmental conditions. Our results are not consistent with the view of either Grime and Pierce (2012) , stating that traits should show divergence or convergence only, or Bernard-Verdier et al. (2012) , proposing that regeneration-related traits tend to diverge and productivity-related traits tend to converge in more productive plots. Our results allowed the simultaneous occurrence of filtering (restricted range) and trait segregation (within the restricted range), and there were contrasting patterns of trait distribution within two groups in our study; the biological matter cycling-related traits tended to diverge along the degradation, while other strategies overall converge along the gradient. Thus, it seems that the trait-distribution patterns of different strategy-related traits endorse the theory or hypothesis of previous studies in which only abiotic constraints are considered (Bernard-Verdier et al. 2012; Grime and Pierce 2012 ), but may not hold when strong biotic constraints are added with diverse traits. We assumed that a strong grazing filter was applied to the biological matter cycling-related traits, which were directly affected by disturbance on a local scale, but the other vegetation strategies (except for LLC) tend to be more climatically filtered on a larger scale, which may lead to trait convergence in the study region (Cornwell et al. 2006; Weiher et al. 1998) .
Improving knowledge of grassland management
The grazing effects on community structure and ecosystem functioning is the key issue for rangeland management. The managers pay attention to the long term sustainable maximization of biologics and production, and biologists seek to maintain high biodiversity of grassland ecosystems. In this article, we have discussed the variation in the plant functional traits and community structure along the degradation process; e.g. the increasing number of species with high LLC and low RH along the degradation gradient, or the increment of annual and biennial species in the degraded communities, indicated the ecological response of the community to grazing activity, and also reflected the stage of degradation process. Our work also emphasized that rangeland managers should rationally utilize grassland resources to prevent further grassland degradation when the frequent particular signals were came to light, such as degradation indicating species; on the other hand, they could enhance the opportunity for the protection and restoration of degraded grasslands by the implementation of restoration policies in degraded grasslands, such as grazing prohibition, rotational grazing and fencing.
CONCLUSIONS
Our results revealed that community assembly is strongly related to environmental conditions, which affect both species occurrence and trait distribution among communities. We demonstrated that trait distribution and filtering are strongly dependent upon the environmental factors and trait types. Our results demonstrated the simultaneous occurrence of trait filtering and divergence, and revealed that patterns of trait distribution may not be solely related to patterns of trait filtering. Higher grazing intensity and limited resources appear to have driven a strong functional divergence toward biological matter cycling-related strategies, but allowed the convergence of resistance strategies, and the coexistence of multiple biological matter cycling-related niches might underlie the structuring patterns of plant communities in our study area. Clear differences in trait distribution along the degradation gradient emerged when we classified the traits into two categories; this might mirror the different impact of climate and human-induced disturbance on the distribution of diverse traits. This multiplicity of functional responses could not have been captured by a single environmental drive. Moreover, taking degradation gradients into account instead of just testing environmental factors, and the combination of these driving forces with multiple plant functional traits, better enabled the expression of complex patterns of trait distribution and the underlying mechanisms of species coexistence, species diversity patterns and stability maintenance.
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